Rice plant associated microorganisms both Pseudomonas spp. and Bacillus spp. were isolated and tested for antagonism against the rice blast fungus Pyricularia oryzae Cav. Field test of four selected strains in an upland rice farm in the Philippines afforded significant leaf blast reduction with rice var. UPLRi-5. Strain 7-14, identified as P. fluorescens was most effective. The crude extract prepared from this strain provided 70-100% inhibition of conidial germination at 1.0ppm. The antiblast extract also protected IR 50 rice seedlings from infection of P. oryzae. Evidence suggested that siderophore was unlikely to be involved in the mechanism of strain 7-14 in its antagonism against the rice blast fungus. In vitro test showed that inhibition of P. oryzae by strain 7-14 was not reversed by Fe amendments. Thus, the antiblast antibiotic, instead of siderophore production from Pseudomonas strain 7-14 protected rice seedlings from infection by P. oryzae.
INTRODUCTION
Rice is the staple food for 2.7 billion people in Asia where 90% of the world's rice is grown and eaten2). Blast caused by the fungus Pyricularia oryzae Cav. is a severe production constraint particularly in dryland and unbunded upland rice cultures in tropical Asia where rice farmers generally have no access to fungicides and often cannot afford purchased inputs. Because of the ability of the rice blast fungus to evolve new races, control of blast through breeeding for resistance has had only partial success in favorable environments. Therefore, we are searching for alternate disease management strategies that are nonpolluting and inexpensive.
Recent studies have shown the potential of root-colonizing microorganisms in inhibiting or displacing soilborne pathogens at the root-soil interface, thereby protect the root health of perennial and annual plants10) such as cotton, potato, tobacco, flax, radish, cucumber, wheat, and rice3, 4, [6] [7] [8] [11] [12] [13] 15 Studies on the mechanism of disease suppression. We next investigated the basis for biological suppression of P. oryzae by Pseudomonas strain 7-14 on the basis of its performance in the field test. Strain 7-14 was grown in 200-ml volumes of potato glucose broth placed in 500-ml Erlenmeyer flasks as shake culture for 5 days. Culture conditions for production of the antibiotics and its isolation were those used by Gurusiddaiah et al. 5 ) From a batch of 10 liter broth, an oily residue of 100-350mg/l was obtained after solvent extraction with CH2C12 and concentration. 
RESULTS

AND DISCUSSION
Selection of bacterial strains Among the four strains which were considered most efficient, the two fluorescent strains, 4-15 and 7-14 were identified as of Pseudomonas fluorescens and the nonfluorescent strains, 33 and 4-03 as Bacillus spp. Species level identification of the Bacillus strains is incomplete. In plate tests, P. fluorescens strains 4-15 and 7-14 and Bacillus strains, 4-03 and 33 caused maximum inhibition of the blast fungus, P. oryzae. The average diameter of the inhibition zones was 38.5mm for strain 7-14 ( Fig. 1) and 44% protection ( Table 1 ). All these were significant reductions. Of all the treatments pyroquilon was most effective. Strain 7-14 was the most effective of all treatments for neck blast reduction (Table 1 ).
There were also small increases in grain yield due to bacteria and fongorene (pyroquilon) treatments. 
Mechanism for biological diseases suppression
Circumstantial evidence suggest that siderophore production, one of the important mechanisms known to mediate bacterial antagonism in fungal inhibition is unlikely to be involved in highly acidic soils9) such as the Cavinti soil, which has a pH of 4.0 and Fe content that ranges from 3.7 to 4.6%1). Further, in our plate tests, inhibition of P. oryzase by strain 7-14 was not reversed by Fe amendments.
Therefore, searching for antibiotics to explain the antiblast activity in strain 7-14 conducted. Pseudomonas strain 7-14. Conidia were suspended either in water (left) or in an aqueous solution of AB1 and AB2 at 1.0ppm concentration (right). Germination counts were made after 6 hours. Antiblast substances inhibited conidial germination from 70 to 100%. Leaves on the right are from seedlings that were spray-inoculated with conidia of P. oryzae suspended in water (50,000/ml).
Leaves on the left showing fewer blast lesions are from seedlings that were spray-inoculated with the same level of conidia suspended in a 1.0ppm aqueous solution of antiblast substances (AB1 & AB2). Lesions were counted from 400 leaves per treatment on the 5th day after inoculation.
In the three greenhouse tests, there was a mean 90% protection due to antibiotic treatment.
A sample of 6.0g of crude extract made from 10 liter of culture fluids of strain 7-14 yielded 2.8mg of partially purified antibiotic at the end of two rounds of Sephadex LH 20 column chromatography. On t.l.c. this substance yielded a major UV-fluorescent (266nm) blue band (AB1) and also a minor blue fluorescent band (AB2). The major principle (AB1) moved to Rf values of 0.345 in CHCl3-acetone (4:1), 0.240 in CHCl3-acetone (9:1) and 0.048 in CH2Cl2 (100%). Both AB1 and AB2 had similar UV-spectra and had a major absorption peak at 220nm and minor absorption peak at 281nm. At 1.0ppm concentration, the antiblast antibiotics AB1 and AB2 afforded 70-100% inhibition of conidial germination in P. oryzae (Fig. 2) . They also protected IR50 rice seedlings from infection P. oryzae. In the three greenhouse tests made, there were an average of 23 blast lesions per leaf in the plants sprayed with conidia in water (check) while those seedlings sprayed with antibiotic-treated conidia had an average of 1.9 lesions per leaf (Fig. 3) .
The work on the isolation of antiblast substances, however incomplete as it may appear, suggest that these substances are quite different from the phenazine carboxylic acid characterized as the antibiotic produced by P. fluorescens strain 2-79 by Gurusiddaiah et al.5 ) and shown to have an essential role in the biological control of Gaeumannomyces graminis var. graminis and other root pathogens of wheat (16) . It is also different from pyoluteorin and pyrrolnitrin antibiotics (3, 5) by their spectral characteristics.
Our results can be used to improve blast control with antagonistic bacteria. While no single cultivar may be suitable for all the different upland rice ecologies, biological control as a component of a disease management, may provide an additional option. However, cultivars can be improved on the basis of their responses to plant associated microorganisms through conventional breeding or genetic manipulation. Feasibility of these options needs further assessment in the different rice ecologies with a better and comprehensive understanding of the rice pathosystems and the biological control agents.
Literature cited
